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ABSTRACT
Introduction: Physical activity is essential for every
facet of children’s health. However, physical activity
levels in British children are low. The school
environment is a promising setting to increase
children’s physical activity but limited empirical
evidence exists on how a change in the outdoor
physical school environment influences physical
activity behaviour. The London Borough of Camden is
redesigning seven existing school playgrounds to
engage children to become more physically active. The
primary aim of this project is to evaluate the impact of
the redesigned playgrounds on children’s physical
activity, well-being and physical function/fitness.
Method and analysis: This project will use a
longitudinal quasi-experimental design. Seven
experimental schools and one control school will take
part. One baseline data collection session and two
follow-ups will be carried out. Between baseline and
follow-up, the experimental school playgrounds will be
redesigned. At baseline, a series of fitness tests,
anthropometric and questionnaire measurements, and
7-day objective physical activity monitoring (Actigraph
accelerometer) will be carried out on children (aged
5–16 years). This will be repeated at follow-up.
Changes in overall physical activity levels and levels
during different times of the day (eg, school breaks)
will be examined. Multilevel regression modelling will
be used to analyse the data.
Ethics and dissemination: The results of this study
will be disseminated through peer-review publications
and scientific presentations. Ethical approval was
obtained through the University College London
Research Ethics Committee (Reference number:
4400/002).
INTRODUCTION
Physical activity is essential for every facet of
children’s (aged 5–16 years) health. For
example, higher levels of physical activity in
children are associated with more favourable
cardiovascular disease risk factors, whereas
excessive levels of sedentary behaviour have
the reverse effect.1 2 Physical activity can also
beneﬁt psychological health by aiding in the
prevention of anxiety and depressive symp-
toms and contributing to the improvement
of self-esteem.3 Importantly, rather than
detracting from learning, more physical activ-
ity and breaks from sitting in school are
thought to enhance cognitive function and
academic performance.4 It is also more likely
that active children will become active adults,
since some tracking of physical activity behav-
iour has been observed from childhood to
adulthood.5 However, in westernised coun-
tries, current levels of physical activity in chil-
dren are low as there are increasing
opportunities to participate in sedentary
activities.6 7 For example, it is recommended
that children engage in physical activity of
moderate intensity for at least 1 h a day to
maintain good health.8 However, just 24% of
British girls and 32% of boys achieve this rec-
ommendation.7 Physical inactivity is esti-
mated to cost the NHS approximately £8
billion per year in healthcare costs alone.8
Encouraging physically active lifestyles in chil-
dren is therefore crucial in nurturing a
healthy future generation of adults.
A recent meta-analysis found that the
effects of interventions to increase physical
activity in children have been, at best,
modest and concluded that alternative
approaches are required.9 In the UK, chil-
dren spend approximately 60% of their
weekday in school where physical activity
levels, particularly in girls, are low.10 11
Environments both facilitate and provide the
arena for physical activity.12 Interventions
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that target the school environment may offer great
opportunity to increase physical activity levels. However,
there is little robust empirical evidence concerning the
effect of changing the physical environment on activity
levels in children. Emerging data have suggested that a
positive perception of the school play environment was
associated with higher levels of moderate–vigorous phys-
ical activity (MVPA) during playtime.13 Moreover, the
number of permanent play facilities in school play-
grounds has been found to be associated with higher
physical activity levels.14 A recent review15 on the value
of playgrounds for children’s physical activity identiﬁed
13 experimental studies, which have produced mixed
ﬁndings, most likely owing to differences in intervention
design. For example, the review identiﬁed that reducing
playground density increased physical activity levels, but
the provision of play equipment produced mixed effects,
whereas no effects were found on the provision of play-
ground markings and promotion of physical activity by
teachers. Just one study investigated the impact of
‘major’ playground reconstruction on children’s physical
activity behaviour16 and concluded that renovated
schoolyards to promote physical activity may increase the
number of children who are physically active and reduce
sedentary behaviours. However, physical activity data
were collected using only direct observation during the
school day. This limits the ability to examine carry-over
effects outside the school environment (ie, at weekends
and during evenings). Taken together, the emerging evi-
dence suggests that the physical environment could play
an important role in children’s physical activity behav-
iour, but more robust evidence is required.
Increasing physical activity levels is well established as
a way to improve ﬁtness and health outcomes in young
people. Strong et al’s1 review identiﬁed 17 experimental
studies that aimed to increase levels of physical activity,
and these all found improvements in aerobic ﬁtness.
Two experimental studies implemented programmes of
moderately intense exercise 30–60 min in duration, 3–
7 days/week, and this led to a reduction in total body
adiposity in overweight young people. Interestingly, the
review also identiﬁed three longitudinal and two
experimental studies in young people that showed that
physical activity or strength training improved muscular
strength and endurance. It is plausible to assume that
an increase in movement and a decrease in sedentary
behaviour may result in an increase in hamstring ﬂexi-
bility. This is important as maintaining hamstring ﬂexi-
bility may prevent acute and chronic musculoskeletal
injuries.17 There is also evidence that physical activity is
associated with scores on a scale (The Strengths and
Difﬁculties Questionnaire) measuring mental well-
being (eg, happiness, behaviour, concentration, self-
esteem, etc).18 On this basis, we hypothesise that a
change in the physical school playground environment
that increases levels of physical activity or reduces sed-
entary behaviour should subsequently improve ﬁtness
and health outcomes.
A recent study found that engaging in 40% of
moderate-intensity physical activity during school play-
time equated to 34 min of daily MVPA.19 This exceeds
the minimum recommendation of 30 min of at least
moderate-intensity physical activity for children’s good
health.20 It has been suggested that this guideline is a
realistic target for children to achieve during school
playtime,21 especially if a playground has been modiﬁed
to encourage physical activity.
SETTING
Camden Borough Council is redesigning seven existing
school playgrounds (ﬁve primary schools and two sec-
ondary schools), which are thought not to be conducive
to physical activity/active play, with exciting bespoke fea-
tures to engage children to become more active. Each
school will receive a unique playground design, for
example, displayed in ﬁgure 1. Example features include
new Astroturf games pitches, climbing frames, trampo-
lines, monkey bars and outdoor gyms, which have been
designed based on themes (eg, ancient ruins, volcanoes
and clouds) emerging from qualitative work with chil-
dren and teachers in each school. The research team
did not carry out the qualitative work, nor did it provide
input into the design of the playgrounds. The qualitative
work and the design of the playgrounds were carried
out by two private organisations specialising in play-
ground design. Camden Council’s underlying goal is to
encourage participation by creating opportunities for
physical activity outside of traditional sports or team
competition. This presents a unique opportunity to
evaluate the impact of these structures on children’s
physical activity, health and well-being outcomes while
addressing previous limitations in the literature (ie, col-
lecting activity only in school).
We hypothesise that the new playgrounds will increase
young people’s time spent in light physical activity and
MVPA and reduce sedentary behaviour during break
time, and consequently improve levels of general ﬁtness
(eg, grip and leg strength, peak ﬂow and adiposity).
AIMS
The Camden Active Spaces project consists of two key ele-
ments: (1) redesign of the school playgrounds and (2)
evaluation of the hypothesised beneﬁts. In the present
paper, we focus on the evaluation only. Thus, the
primary aim of this project is to evaluate the impact of
the redesigned playgrounds on children’s physical activ-
ity, well-being and physical function/ﬁtness.
METHOD AND ANALYSES
The evaluation of Camden Active Spaces will use a longitu-
dinal quasi-experimental design. Baseline data collection
will take place in the Spring/Summer term 2014,
follow-up I data collection will take place during the
Autumn term 2014, and follow-up II during the Summer
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term of 2015 (see ﬁgure 2). Between baseline and
follow-up I (school summer holidays), the school play-
grounds will be redesigned. A second follow-up will
allow us to investigate if short-term effects of the inter-
vention (if they exist) are sustained over a longer period.
This evaluation has been funded by the Economic and
Social Research Council, UK (ES/M003795/1), while
the core project (playground redesign) has been
funded by the Camden Clinical Commissioning Group
and London Borough of Camden.
Inclusion criteria
School inclusion criteria
Seven schools located in the London Borough of
Camden have been selected to receive the redesigned
playgrounds and all of them have agreed to take part in
the study.
In addition to the seven experimental schools, one
control school will be recruited into the study. This
school will be located in the London Borough of
Camden and it will not be receiving a new playground
design; moreover, it will not differ from experimental
schools based on student demographics or school policy.
Owing to resource constraints, it is only feasible to
collect data from a single control school. The authors
acknowledge that an equal number of controls in experi-
mental schools would allow for a more robust experi-
mental design.
Participant inclusion criteria
We aim to randomly select approximately 100 children
(see below power calculation) evenly distributed across
school-year groups (aged 5–11 years in primary school
and aged 11–16 years in secondary school) from each of
the eight schools (total sample size 800). Children aged
17–18 years or any school leavers in 2014 will not be
asked to participate in the current project, owing to
time table restrictions due to ﬁnal examinations and
potential loss to follow-up. Students whose parents have
not opted them out of the study will be eligible to par-
ticipate (see section Ethics and Dissemination for details
on obtaining consent).
Recruitment
The seven schools who will be receiving the redesigned
playgrounds have previously been recruited into the
Figure 1 Example of new playground designs.
Figure 2 Overview of the study design.
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study by Camden Borough Council. To recruit children
into the study, presentations will be given during assem-
blies to each year group within each school. The presen-
tations will disseminate information on Camden Active
Spaces, what would be involved if children were to take
part in the study and beneﬁts of the study to children
and the school. At the end of presentations, children
will be given participant study information sheets. In
order to make parents aware of the study, a parent infor-
mation sheet will be emailed to all parents (translated
into different languages where required), posted on the
school webpage, in addition to hard copies being made
available at the school. In an attempt to maximise
response rates and adherence to protocol, each child
who completes the wear protocol will be awarded a
1-month free swimming voucher and entered into a
prize draw to win an iPod Touch (one iPod Touch will
be awarded per school). All schools taking part in the
study will be entered into a separate prize draw to win
one of two Nintendo Wiis.
Procedures
Data collection procedures will take place over a period
of 12 months. A team of trained researchers will collect
data from each school on a date and time that is con-
venient for the school. Children will be invited to take
part in data collection. Data collection sessions will last
approximately 30 min. A series of ﬁtness tests and
anthropometric measurements will be carried out on
children, in an appropriate room in the school (eg,
sports or assembly hall). Once ﬁtness tests and
anthropometric measurements have been completed,
objective devices (accelerometers) will be given to chil-
dren to monitor their physical activity behaviour.
Between 4 and 7 days of accelerometer data are needed
to provide a reliable estimate of habitual physical activ-
ity.22 Thus, participants will be asked to wear objective
devices for seven consecutive days. On day 7, partici-
pants will return the device to research staff at the
school where they will then complete a questionnaire on
their physical activity behaviour. This exact process will
be repeated at follow-ups I and II.
Measurement and instruments
Accelerometer
It is now recognised that accelerometers provide the
most reliable and valid measurement of activity in chil-
dren16 and are considered the gold standard approach.
These wearable motion sensors measure movement
across three dimensions, thus providing minute-by-
minute time-stamped data on activity intensity, duration
and patterns across the day. Objective physical activity
monitoring has been successfully used in similar study
settings to the present project.14 23 24
The present evaluation will use the Actigraph GT3X
accelerometer. This device is validated and has been
used in other studies with primary and high school
children (see eg, http://www.iconnect.co.uk and http://
www.cedar.iph.cam.ac.uk/research/directory/speedy/).
The Actigraph GT3X is worn on a belt around the waist
with the device itself positioned above the right hip
either over or under clothing. We will employ a sampling
frequency of 30 Hz. Children will be asked to wear the
device during waking hours every day for seven consecu-
tive days, but not during water-based activities or sleep.
Fitness tests
A series of ﬁtness tests will be carried out, following
Standard Operating Procedure Forms, on all children
taking part in the study. Four ﬁtness tests will be carried
out to measure aspects of general ﬁtness: participants will
be asked to perform the hand-held Dynamometer test to
assess grip strength, the standing horizontal jump test to
assess leg power, the peak ﬂow test to assess lung function
and the sit-and-reach test to assess ﬂexibility. Participants’
weight and body composition will be measured using the
Tanita SC-330 Body Composition Analyser (Tanita Inc,
Illinois, USA) and height will be measured using the
Leicester Height Measure, from which body mass index
(BMI) will be calculated in kg/m2. These tests have been
extensively used in previous cohort studies of
young people (eg, http://www.chasestudy.ac.uk/study-
measurement) and have shown good validity and reliabil-
ity in young people across broad age groups (http://
www.chasestudy.ac.uk/study-measurement).25–27
Questionnaires
All children taking part in the study will be asked to
complete a questionnaire. The questionnaire will take
approximately 10 min to complete and includes ques-
tions on standard demographics and physical activity, as
well as potentially important correlates of physical activ-
ity. Teaching assistants and research staff will assist all
children in completing questionnaires.
The Girls Health Enrichment Multi-Studies (GEMS)
physical activity survey has been embedded within the
questionnaire to give a subjective measure of physical
activity and to provide an understanding of which spe-
ciﬁc physical activity behaviours are inﬂuenced by the
playground redesign, if any. GEMS has validity and reli-
ability equivalent to other self-report measures of phys-
ical activity28 and was deemed suitable for both primary
and high school boys and girls by those who designed
the present study, owing to its simplicity. The question-
naire also includes items on travel mode (as used in the
iConnect Study; http://www.iconnect.co.uk).
Teachers will be asked to complete the validated
Strengths and Difﬁculties questionnaire29; this question-
naire provides a measure of children’s behaviour, mental
health, engagement and well-being and takes approxi-
mately 5 min to complete per child.
Each school has one head teacher. Head teachers
(n=8) will be asked to complete a questionnaire to allow
for an understanding of differences between schools on
‘playground policy’. Questions include, “During what
type of weather are children not allowed to go outside
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during scheduled breaks (ie, rain/ snow)?” “Are any sec-
tions of the current playground out of use during bad
weather (ie, school ﬁeld when raining), if yes please
specify?” “When children cannot go outside on sched-
uled breaks, owing to bad weather, where do they spend
their break?” and “Are there any current initiatives/pro-
grams to promote physical activity and/or healthy life-
styles in your school, if yes please specify?” Head
teachers will be asked to complete an identical survey at
follow-up to allow for the assessment of changes in “play-
ground policy” between each time point.
ANALYSIS
Outcome
The primary outcome for this study will be change in
average daily time spent in MVPA as recorded by the
Actigraph accelerometer. In addition, the study has
been designed to collect the following secondary out-
comes using participant questionnaires and objective
measures: (1) change in average daily time spent seden-
tary; (2) change in average daily time spent in light and
vigorous activity at different times of the day (playtimes
at school, leisure time at home); (3) change in peak
ﬂow, sit-and-reach, grip strength, standing horizontal
jump and BMI/body composition and (4) change in
Strength and Difﬁculties scores.
Quantitative analysis
Raw data ﬁles will be extracted from each Actigraph
device and processed using bespoke software (Actilife)
to quantify a range of features that will directly contrib-
ute to the determination of active and sedentary time.
We intend to follow methods used in the International
Children’s Accelerometry Database study that incorpo-
rated children aged 4–18 years.2 In brief, data ﬁles will
be reintegrated to a 60 s epoch and non-wear time
deﬁned as 60 min of consecutive zeros, allowing for
2 min of non-zero interruptions. All children with at
least 1 day with at least 500 min of measured monitor
wear time between 7:00 and midnight will be included.
Total physical activity will be expressed as total counts,
including sedentary minutes, divided by measured time
per day (counts/min, cpm). Time spent sedentary will
be deﬁned as all minutes showing less than 100 cpm and
MVPA time as minutes showing more than 3000 cpm.
Multilevel modelling will be used to analyse the data.
This approach offers several advantages over simple
regression models. We will be able to model changes in
activity over the three assessment periods accounting for
the interindividual as well as intraindividual differences.
Sample size
A previous school-based intervention to examine the
effects of changes in playground structure on physical
activity23 demonstrated a small effect size (d=0.10).
Thus, based on these data, a sample size of N=458
would provide us with 80% power at 5% signiﬁcance
level to detect small differences in moderate intensity
physical activity using a repeated measures design (calcu-
lated using G-Power). We will aim to recruit 100 children
from each school to allow for dropout and incomplete
Actigraph data.
LIMITATIONS
It is not possible to carry out a multicentre, cluster ran-
domised controlled trial. The key limitations of this
study include a quasi-experimental design with non-
randomly selected control participants and the recruit-
ment of one control school.
ETHICAL CONSIDERATION AND DISSEMINATION
First, head teachers from each school will be asked to
provide explicit written consent for their schools and
schoolchildren to take part in the study. Next, if parents
(of primary and secondary schoolchildren) do not want
their child(ren) to take part in the study, they will be
given the option to ‘opt-out’ their child(ren); instruc-
tions to parents on how to opt-out their child(ren) are
provided in the parent study information sheet. Prior to
data collection, all high school (not primary school)
children will be asked to provide explicit written assent.
The ﬁndings from this study will be disseminated to aca-
demic researchers and to policymakers through several
mechanisms. First, we will employ the usual avenues for
dissemination of academic research, including conference
presentations and journal articles. Second, we will dissem-
inate this research via social media outlets such as the
University College London—Physical Activity Research
Group Twitter account. Third, with Camden Council, we
will include this physical activity study within the regular
programme of brieﬁngs that are presented to government
departments interested in physical activity, including the
Department of Health, the Department for Communities
and Local Government, etc.
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